Preliminary results are presented from the long-term corrosion test program of candidate materials for the high-level radioactive waste packages that would be emplaced in the potential repository at Yucca Mountain, Nevada. The present waste package design is based on a multi-barrier concept having an inner container of a corrosion resistant material and an outer container of a corrosion allowance material. Test specimens have been exposed to simulated bounding environments that may credibly develop in the vicinity of the waste packages. Corrosion rates have been calculated for weight loss and crevice specimens, and U-bend specimens have been examined for evidence of stress corrosion cracking (SCC). Galvanic testing has been started recently and initial results are forthcoming. Pitting characterization of test specimens will be conducted in the coming year. This test program is expected to continue for a minimum of five years so that long-term corrosion data can be determined to support corrosion model development, performance assessment, and waste package design.
Introduction
Preliminary results are presented from the long-term corrosion test program of candidate materials for the high-level radioactive waste packages that would be emplaced in the potential repository at Yucca Mountain, Nevada. The present waste package design is based on a multi-barrier concept having an inner container of a corrosion resistant material and an outer container of a corrosion allowance material. Test specimens have been exposed to simulated bounding environments that may credibly develop in the vicinity of the waste packages. Corrosion rates have been calculated for weight loss and crevice specimens, and U-bend specimens have been examined for evidence of stress corrosion cracking (SCC). Galvanic testing has been started recently and initial results are forthcoming. Pitting characterization of test specimens will be conducted in the coming year. This test program is expected to continue for a minimum of five years so that long-term corrosion data can be determined to support corrosion model development, performance assessment, and waste package design.
Materials
Three classes of materials are being tested. Corrosion resistant, intermediate corrosion resistant, and corrosion allowance materials are being tested in order to determine the corrosion properties of a variety of materials. Materials were tested in two metallurgical conditions. In addition to the unwelded condition. specimens were tested in the welded condition using gas metal arc welding (GMAW) and gas tungsten arc welding (GTA W) practices.
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Test Environment
The test environments include four aqueous solutions that may simulate a range of environments to which the container materials may be exposed. The environments are briefly described as follows: 1 ) Simulated Dilute Well (SDW) 5-1 3 water at 10X concentration: Well J 13 water is thought to be typical of the vadose water in the repository ' and the slight concentration is intended to represent the effects of water evaporation and boiling in the repository environment, thus concentrating the salts in the water. 2 ) Simulated Concentrated Well (SCW) J 13 water at 1000X: The extreme concentration of water is intended to represent the long-term concentration effects brought on by evaporation and boiling of water in the repository. 3) Simulated Acidified Well (SAW) J 13 water concentrated and acidified to pH 2-3: This environment is intended to simulate the effect of possible microbial metabolic products which tend to lower the pH of water. Water pH was lowered using reagent grade acids. 4) Simulated Cement Modified Water (SCMW): This environment is intended to simulate the effect of water contact with cementitious materials which may be used in the repository construction.
The nominal compositions of the four test solutions are shown in Figure I .
Specimens have been tested in the aqueous phase, the saturated water vapor phase above the solutions, and at the water/vapor interface. It is important to note that the specimens tested in the vapor phase had condensed water present on the surface. Testing has been conducted at 60 and 90 OC to represent a range of temperatures where liquid or condensing water may come into contact with the waste package.
Test Specimens
Four types of specimens were tested to evaluate the susceptibility of test materials to general corrosion. localized corrosion (e.g., pining and crevice attack), galvanic/crevice corrosion, and stress corrosion cracking. A sufficient number of specimens were tested in order to remove and analyze a complete specimen set at five time intervals.
Flat I-inch by 2-inch coupons were used for general and pitting corrosion studies. Weight loss data obtained from these coupons were used to calculate corrosion rates, which will provide kinetic and mechanistic information on the degradation process. Corrosion rates were calculated using methods described in ASTM G 1.
Crevice corrosion specimens were made of flat coupons 2-inch by 2-inch placed in intimate contact with a Teflon washer to produce an aggressive crevice. Intimate contact between specimen and washer was maintained by using a Belleville compression washer assembly. The Belleville washers served to maintain pressure on the Teflon part in the event creep occurs. thus maintaining a configuration expected to produce severe crevice conditions. ' As with the weight loss specimens, corrosion rates were determined using methods described in ASTM G 1.
The galvaniclcrevice specimen assembly is intended to simulate a multi-barrier waste package concept where the highly corrosion resistant material represents the inner barrier and the corrosion allowance material represents the outer barrier. These assemblies consisted of a corrosion resistant material placed in between two corrosion allowance materials, thus forming two crevice regions, one above and the other below the corrosion resistant material. Two types of assemblies with different surface area ratios were used. As with the crevice specimen, the use of Belleville compression washers provided intimate contact between the test surfaces.
U-bend specimens were tested to study the susceptibility ofthe test materials to SCC. The stresses produced on a typical U-bend specimen may result in a large amount o f non-uniform elastic and plastic strain, and may provide severe test conditions to evaluate the SCC resistance o f the following: 1) different metals in the same environment. 2) a single metal with different metallurgical conditions in the same environment, and 3) a single metal in several environments. '' Results and Discussion
Wei~ht Loss Specimens Corrosion rates for the as-fabricated corrosion allowance materials after six months exposure to SDW and SCW environments are shown in Figure 1 . Corrosion rates are the average o f three specimens in the liquid and vapor phase, and a single specimen at the water line. Results for the welded weight loss specimens are not presented in Figure 1 , but are similar to and follow the same trends as the as-fabricated specimens. The data indicates an increased corrosion rate of the vapor phase specimens located above the SCW environment versus the vapor phase specimens located above the SDW environment. It i s possible that elevated CO? levels are being generated from the very high bicarbonate SCW solution which could lower the pH o f the condensate in the vapor phase, and thus providing a more aggressive medium in this environment. This hypothesis i s being investigated.
Another interesting observation is the difference in corrosion rates between specimens in the aqueous phase o f the SDW and SCW solutions. All ofthe corrosion allowance specimens in the SCW solution had lower corrosion rates than replicate specimens in the SDW environment. It is probable that the SCW solution may have lower dissolved oxygen content. Others have observed that the solubility o f oxygen decreases as concentrations. The nitrate concentration o f the SDW and SCW solutions are 65 and 7,000 ppm, respectively, while the fluoride concentrations are 15 and 1,400 pprn, respectively. Testing to confirm this hypothesis will be conducted in the near future.
Corrosion rates for the corrosion resistant materials after six months exposure to 60 "C SAW were negligible. Titanium grade 12 and titanium grade 16, however, were discolored due to oxidation.
Corrosion rates for the intermediate corrosion resistant materials after six months exposure to 60 O C SAW are shown in Figure 2 , exhibiting an enhanced corrosion rate o f the specimens in the aqueous phase (-100-300 microns per year) versus the specimens in the vapor phase. The dissolution of copper-nickel alloys might have changed the pH o f the test solutions from a starting point o f pH 2.8 to an equilibrium value o f pH 5. The specimens exposed to the vapor phase were relatively resistant to general corrosion in this environment, with corrosion rates varying from 1-4 microns per year. The corrosion rates for CDA 715 and Monel400 in the aqueous phase were 250 and 120 microns per year, respectively.
Quantitative pining corrosion analysis o f the weight loss specimens to determine resistance to localized corrosion will be performed on all the material classes in the near future and will be presented later.
Crevice Corrosion S~ecimens Corrosion rates for the crevice corrosion specimens were determined to be similar to those o f the weight loss specimens for all three materials classes, both in magnitude and trends.
Quantitative pitting corrosion analysis o f the crevice specimens will be performed on all the material classes in the near future and will be presented later. Visual examination o f crevice specimens showed severe pitting attack in the crevice region on Alloy 825 exposed to 60 "C SAW solution.
U-bend Specimens U-bend specimens of corrosion allowance materials tested in 60 and 90 O C SDW and SCW environments exhibited no evidence of SCC under light microscopy examination. Similarly. intermediate corrosion resistant materials and corrosion resistant materials exposed to 60 O C SAW exhibited no evidence of SCC under light microscopy examination.
Galvanic S~ecimens Galvanic corrosion testing was initiated in September 1997. The results from these tests will be reported later.
Future Work
Characterization of the SDW and SCW solutions will be performed to understand the reason for the differences in corrosion rates in both the vapor and aqueous phase for the corrosion allowance materials tested in these environments. Testing will also include oxygen and carbon dioxide analysis, and inhibition studies.
Samples exposed for one year will be analyzed, and with the complementary six month data trending tendencies will be generated.
Pitting analysis will be performed on the samples tested to date as well as the samples removed after one year exposure. Maximum pit depth, statistical pit distribution, and in-depth pitting characterization of selected pits to determine shape, volume, and other characteristics will be performed in the near future.
The corrosion products will be characterized both compositionally and structurally. The type of corrosion products formed may have implications for radionuclide migration. 
